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TECHNICAL MEMORANDUM X-7335S 


CHARGED PARTICLE RADIATION ENVIRONMENT FOR THE 
SPACELAB AND OTHER MISSIONS IN LOW EARTH 
ORBIT -REVISION A 

INTRODUCTION 


Missions planned for the Spacclab will use orbital trajectories ranging 
in inclination from 28. 5 to 9(T and in altitude from 200 to 800 km. Mission 
duration can range up to 28 days. For these orbits and mission lifetimes, any 
equipment on board will be subjected to fluxes of high energy charged particles 
and charged-particle-induced secondary particles. Many items may be sensi- 
tive to the radiation encountered. All material in the spacecraft will acquire a 
level of background radioactivity as a result of nuclear activation. Experiments 
employing nuclear particle counters (X-ray, gamma -ray, and cosmic-ray 
experiments) will have an excessive background counting rate as a result of 
activation gamma rays and the incident particle fluxes that will impact experi- 
ment operation (1,2 1 and may reduce counter lifetime. Biological samples, 
especially where shielding thicknesses are minimal, may bo influenced by the 
radiation dose levels that arc encountered. Photographic film will acquire a 
background density because of the radiation. The effects on photographic film 
for the Skylab mission were studied extensively |3-(i|. 1 Figure i shows Mu* 
range of background density as a function of dose for some Skylab films [7| . 


ENVIRONMENT 


This report defines the important components of the radiation environ- 
ment and <>'ives estimate's of dose rates to he expected. This information will be 
useful in identifying problem areas for more detailed radiation analysis later. 
There are four possible source's of dama^inu radiation for Spaeelab: geomai*- 
netieally trapped electrons and protons, galactic cosmic-ray particles, solar 
flare proton events, and onboard radiation sources (if there are any). Hopefully, 


1, Private communication with K. K. Huff and IS. I\I. Cleare, Kastman Kodak 
Company, Rochester, N, V, 



any onboard sources will be small and well shielded. We are concerned here 
with planning for nominal missions w'hich, because of their short durations and 
low orbital altitudes, are unlikely to encounter significant solar flare proton 
fluxes. (Since 1956 there have been perhaps four eventc that would have 
resulted in significant dose contributions at Spacelab orbits. ) Thus, we will 
confine our consideration to geomagnetically trapped particles and cosmic rays. 
Reference 8 gives a complete and well written description of the near-Earth 
radiation environment. 

Figures 2 through 21 show the average trapped proton and electron 
omnidirectional integral fluxes above various energies for the proposed Spacelab 
orbits. The numerical values are tabulated in Appendix A together with the 
differential flux with respect to energy. The fluxes were obtained by using 
James Vette's new model environments [9) APS max for the protons and AE4-AE6 
max for the elections in a program 1 10 1 that averages the flux along the orbital 
trajectory for several orbits. Over most of the range of orbits, there is an 
uncertainty factor of four in the electron environment and two in the proton 
environment. Foi the very lowest altitude given (200 km) , the uncertainties 
are larger because these orbits fall directly on the edge of the region described 
by the Vette model. When we compare the new environment projected to the 
1980 time frame with the one reported in Reference 11, we find that the electron 
environment has changed significantly. All the artificially injected electrons 
have been decayed out of the new model, resulting in a considerable reduction 
in the high energy electron flux (more than an order of magnitude in some 
cases). There is also a reduction in the proton flux, usually at higher enei'gy. 

It is not as extensive as the reduction in the electron flux, however, typically 
being less than a factor of two. 

The exponential increase of both electron and proton flux with altitude 
can be explained in terms of charged-particle motion in the Earth 's magnetic 
field. A chai’ged particle follows a helical path around magnetic field lines. 

As the lines converge near the Earth's poles, the turns of the helix come closer 
and closer together until the helix reverses direction and the particles spiral up 
a field line away from the pole. The point of reversal is called the particle's 
"mirror point." The particles encountered at lower altitudes must necessarily 
have mirror points near the top of the atmosphere 1 where the probability of 
removal because of interaction with air molecules is significant. There is a 
distortion of the geomagnetic field from a true dipole that results in a region 
called the South Atlantic Anomaly, where higher trapped particle fluxes are 
seen at lower altitudes than usual over most of .he Earth's surface. Most of 
the flu:: encountered by Spacelab orbits, especially at lower altitudes, will be 
in this region centered at approximately 35° south latitude in the South Atlantic. 



Figure 22 shows proton isoflux contours in this region. As orbital inclination 
increases from 0° at a given altitude, the flux encountered will increase, 
reaching a peak in the 30 to 40° range as more and more of the Anomaly is 
swept out. Above (30° the north and south "horns” of the outer trapped electron 
belt will be encountered, resulting in a significant increase in electron flux. 

(The name "horn" is given because of the crescent shape of electron isoflux 
contours. At lower fluxes the contours grow into a set of double rings that 
approximately circumscribes each pole.) 

The trapped flux encountered during the Spacelab missions will have two 
types of temporal variations, a very short-term variation and a long-term varia- 
tion. The short-term variation is the variation seen as the spacecraft passes 
in and out of the South Atlantic Anomaly, with the; flux rising and falling rapidly 
as the center of the Anomaly is passed. Figure 23 shows the proton flux during 
several passes through the Anomaly. Almost all the radiation damage will occur 
during these passages, which usually last less than 15 min at lower altitudes. 

The maximum flux during a pass may reach 10 to 50 times the average daily 
flux. The other tempo nil variation is associated with the 11 year solar cycle. 
There is an enhancement of the proton bolt by perhaps a factor of two during the 
quiet part of the cycle as a result of changes in the high atmosphere density 1 12 1 . 
The Vettc model environment used is projected to the 10S() time frame. 

The galactic cosmic ray flux is also affected by both the geomagnetic field 
and the solar magnetic field. The free space maximum (outside the geomag- 
netosphere) cosmic my flux occurs during the quiet part of the solar cycle and 
is approximately 4.0 particles/cm 2 -s 1 13). During the active part of the cycle, 
the portion of the energy spectrum below approximately 400 MeV /nucleon is 
reduced in intensity. However, this reduction is not particularly significant in 
low Earth orbit because, except during passages over the poles, these particles 
are already shielded out by the geomagnetic field. Figure 1 24, from Deference 
13, shows how the cosmic ray proton flux is affected for various orbital inclina- 
tions. As one can see, the spectrum is very "hard" (having a preponderance of 
high energy particles) and, thus, is not attenuated rapidly by shielding material. 


SPACELAB GEOMETRICAL MODEL 


To predict the radiation flux or dose at a point inside a spacecraft, 
consideration must be given to geometrical conjuration and types of materials 
surrounding the point, A geometrical model of Spacelab was constructed using 
the Lockheed complex geometry computer piogmm | 1 1 1 and following relatively 
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closely the Spacelao description provided in a letter from the European Space 
Research and Technology Center (ESTEC) 2 that described a short module and 
included racks, viewports, feedthroughs, floor, subfloor, and an overhead 
structure involving four containers, an optical window, and a viewport. The 
only modification in that model for this report was the addition of flat walls 
covering the holes in the end cones so that no part of the Spacelab interior would 
see free space without shielding. These walls were of the same thickness and 
composition as the end cones. 

Figures 25, 25, and 27, which were redrawn from figures in the ESTEC 
letter, show the Spacelab used for these calculations. ( Figure 25 has been 
altered to show the cone end covers that were added. ) The model involved 
approximately 130 separate volume elements. It was constructed in the Spacelab 
coordinate system and then translated to the Shuttle coordinate system. The 
Spacelab coordinate system is centered 100 cm in front of the start of the 
cylindrical shell section with the positive X-axis passing down the center of the 
cylindrical section in the aft direction. The Z-axis is vertically upward, and 
the positive Y-axis mal es a xnght-handed system. The transformation to 
Shuttle coordinates is defined as follows: 

X'- Xt 1880.9'Icm 

y* = y ! 

I 

Z f ^= Z + 2010 fUi; 

I 

where X f , Y* , and Z* a fe Shuttle coordinates and X, Y, and Z are Spacelab 
coordinates. i 


; LIMITATIONS 

! 

We believe the njodcl has a major defect in that only spacecraft walls 
are considered. All racks and containers are empty, and none of the equipment 
and wiring that will exi.it there has been modeled. Self-shielding (as one would 
expect to have if, for example, one were calculating dose in a canister of film) 
has not been included. /Experience with Skylab suggests that this type of model- 
ing leads to overestimations of dose rates. Also, with more careful modeling, 
the variation of dose rates from thinly to more heavily shielded regions should 
be larger. Our modeling of the Shuttle should compensate, at least partially, 
for the conservative Spacelab model; however, we homogenized the Shuttle into 


2. Close Out of RID BO 1-0 54, Orbit Environment and Action Item NM-01%, 
European Space Research and Technology Center letter from \V. Nellessen 
to Mr. L. Powell, December 8, 1975. 



a relatively small number of volume elements and defined their density so as to 
obtain a 90 000 kg Shuttle. This approach is probably appropriate for the nose 
and tail sections, since they subtend a total of between 5 and 10 percent of the 
total solid angle as seen from typical points in Spacelab. It is less appropriate 
for the bay section, leading to rather heavy shielding over half the total solid 
angle or more as seen from points in Spacelab. (Typical Shuttle bay wall 
thicknesses were on the order of 12 g/ctn ! . ) Figure 28 shows the basic con- 
figuration of the Shuttle model. 

A number of effects that may become important, depending on the 
response of the instrument or material, have not been considered. Long-term 
averaged dose rates may not be useful if an instrument is dose rate sensitive 
(i.e. , the fire alarm on Skylab) rather than cumulative dose sensitive. (The 
rad, a u».it of dose, is defined as the deposition of 100 ergs of energy per gram 
of material receiving the dose.) In these cases, maximum dose rates or dose 
rates as a function of time probably better define the problem. The averaging 
of flux over direction can also be significant if, for example, the spacecraft is 
gravity-gradient stabilized for long periods. The angular distributions for 
trapped particle fluxes in low F.arth orbit are "pancake" shaped, with most of 
the particles arriving from directions perpendicular to the magnetic field lines. 
Thus, actual dose could be considerably different from the dose predicted using 
isotropic fluxes if the shielding perpendicular to the magnetic field is markedly 
different from the average shielding. Materials do not respond in exactly the 
same manner when exjiosed to the same physical dose from different types of 
particles or even from particles of the same type but different energies. Some 
photographic films are as much as 30 to <10 times as sensitive to gamma rays 
as to protons Lint. (Their sensitivity b also highly energy dependent.) 
Biological effects are better measured in terms of rems (rad equivalent ran), 
which include a quality factor depending on the type and energy of radiation 
depositing the dose. For example', cosmic rays have an unusually high quality 
factor because of the heavy particle component; thus, cosmic ray doses in rems 
arc six or seven times as high as doses in rads 113 1. Behind heavy shielding 
(>23 g/ cm 2 ), 3 * * * secondary particles (bremsstrahlung and secondary electrons 
from primary electrons and neutrons, secondary protons, alphas, etc., from 
primary protons) that may have significantly different quality factors deposit 
a significant part of the dose. Also, behind heavy shielding, cosmic ray 
particle cascades [Hi, 17] composed of a great variety of particles make an 


3. The unit grams per square centimeter for shield thickness is typical in 

charged-particle shielding work oeeunsc different materials have approxi- 

mately the same shielding effectiveness per unit length in these units. That 

is, 1.0 g/onv' of air is approximately as effective in stopping protons as 
i.U g 'em 7 of :duminum. The pro'-'-'in of density variations between samples 

of material with the same ehemic. ; composition is also avoided. 



Important contribution to doso deposited, which is very difficult to analyze. 
None of these effects were considered here; thus, care must be taken in arbi- 
trarily applying these results to any given problem. No calculation was made 
for bremsstrahlung because the results presented in Reference 11, as well as 
results presented later in this report, demonstrate that the bremsstrahlung 
dose rate is unimportant when compared to the dose rate resulting from other 
particles and because bremsstrahlung calculations in complex geometries are 
very expensive. 


RESULTS 


Figure 29 shows the approximate location of 14 detector points in 
Spacelab. The first six points survey the Spacelab environment, while the last 
eight are concentrated in the rack area. Figures 30 through 57 show the total 
daily dose rates to be expected at these points as a function of orbital altitude 
and inclination. Appendix B gives the exact Shuttle coordinate location of each 
point and the dose rate in rads relative to the incident particle as well as the 
total dose rate. 

The dose rates range over almost an order of magnitude between detector 
point 1 at the outer wall on the top side of Spacelab and detector point 3 at the 
outer wall on the bottom side. Generally, however, the variation seen between 
detector points was on the order of from two to four, with the high dose rates 
seen near the top side of the lab. The proton component of the dose rate was 
most important in most cases. However, at the higher inclinations for thinly 
shielded points, the electron dose rate was comparable to the proton dose rate, 
and at lower altitudes for more heavily shielded points, the cosmic ray dose 
rate was the dominant component. 

Figures 58 through G5 present the dose rates predicted for a detector 
point behind a spherical aluminum shell shield of the specified thickness as a 
function of orbital altitude and inclination. Appendix C tabulates the predicted 
numerical values. The dose rates include contributions from trapped protons, 
trapped electrons, electron-induced bremsstrahlung, and galactic cosmic rays. 
(Bremsstrahlung is secondary electromagnetic radiation generated as electrons 
are accelerated primarily during close passages by atomic nuclei. ) 

The geometry for the trapped proton and cosmic ray dose rate calcula- 
tions consisted of a point tissue receiver at the center of a spherical aluminum 
shell of the given thickness. The technique used for the proton dose rate calcu- 
lation is described in Reference 18. The cosmic ray dose rates were interpolated 
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from tabular data in Reference 13. The geometry for the electron and brem- 
strahlung dose rates Is different. In these calculations, the electrons are 
assumed to be isotropically Incident on an aluminum infinite plane shield rather 
than a sphere. The differences in dose rates for the two geometries are insig- 
nificant when compared to environmental uncertainties. The methods used are 
described in Reference 19. The trapped proton component is dominant for shield 
thicknesses from 1. 0 to 30 g/cm 2 , the range of thicknesses of most practical 
importance. In very thinly shielded regions the elec , rons become important, 
and for an unusually thick shield, the cosmic rays become important. The 
relative importance of the component varies with altitude and inclination, but, 
as a rule, the proton component dominates for practical shield thicknesses. 
Basically, the cosmic rays place a lower limit on dose rates achievable of 
approximately 0, 01 rads/day independent of shield thickness and are less 
important at higher altitudes. The electrons become important for 1 ighcr inclina- 
tions which encounter the outer belt ’’horns" and for very thin shield thicknesses. 

These data have at least two uses. First, comparisons with the results 
of complex geometry calculations give some estimate of how realistic the 
geometrical model is and help detect weaknesses in the model. For example, 
the contribution due to electrons at higher inclinations for some detectors when 
compared to the spherical shell calculations suggests that a major portion of 
this dose is coming from a rather thinly shielded region. More detailed modeling 
might eliminate much of this contribution. A second use of these data is for an 
appro. •.iruate extension of the complex gt .metiy calculation. For example, if 
an additional amount, X g/cm 2 , of shielding is added, the following procedure 
may be used. Referring to the free detector dose rate on the corresponding 
dose rate versus shield thickness curve, one follows the curve out for X g/cm 2 
more shielding and reads the dose rate. This should approximate the dose rate 
with additional shielding. (The estimate should work best for more heavily 
shielded detectors. ) 
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Figure 9. 


Ptoton flux versus inclination above various energies at 
400 km altitude. 
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Electron flux versus altitude above various energies at 
57° inclination. 
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Figure 20. Electron flux versus inclination above various energies 

at 600 km altitude. 
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energies above 34 MeV in the South Atlantic Anomaly 
(240 n. mi.) altitude. 





Figure 23. Proton flux as a function of time during several South Atlantic Anomaly passes 
on a 440 km (240 n.mi. ), 30° inclination, circular orbit. 
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Figure 24. 


Differential energy spectra for cosmic ray protons in 
a 4G3 km orbit of various inclinations 1131. 











Figure 26 . Viewports, feedthroughs, and rack structure for Spacelab short module, 
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Figure 27. Overhead structvre with optical window for Spacelab short module 
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Figure 33. Dose rate as a function of inclination at various altitudes 
f^r detector point number 4. 
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Figure 34. Dose rate as a function of inclination at various altitude: 
for detector point number 5. 
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Figure 42. Dose rate as a function of inclination at various altitudes 
for detector point number 13. 
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Figure 43. Dose rate as a function of inclination at various altitudes 
for detector point number 14. 
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Figure 44. 


Dose rate as a function of altitude at various inclinations 
for detector point number 1. 
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Figure 45. Dose rate as a function of altitude at various inclinations 
for detector point number 2. 
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Figure 48. Dose rate as a function oi altitude at various inclinations 
for detector point number 5. 
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Figure 49. Dose rate as a luncuon oi altitude at various inclinations 
for detector pc int number 6. 
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Figure 50. Dose rate as a function of altitude at various inclinations 
for detector point number 7. 
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Figure 52, Dose rate as a function of altitude at various inclinations 
for detector point number 9. 
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Figure 57. Dose rate as a function of altitude at various inclination?, 
for detector point number 14. 
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Figure 58. Dose rate behind a spherical aluminum shell shield versus altitude 
for various shield thicknesses and 28. 5° inclination. 
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Figure 59. Dose rate behind a spherical aluminum shell shield versus altitude 
for various shield thicknesses and 35° inclination. 
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Figure 64. Dose rate behind a 5. 0 g/cm 2 spherical aluminum 
shell shield versus inclination for various altitudes. 
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APPENDIX A 

PROTON AND ELECTRON INTEGRAL AND DIFFERENTIAL FLUX 
AS A FUNCTION OF ORBITAL ALTITUDE 
A'.D INCLINATION 
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APPENDIX B 


DOSE RATES AT THE VARIOUS SPACELAB DETECTOR POINTS AS A 
FUNCTION OF ORBITAL ALTITUDE AND INCLINATION 


i 


. . V 


FOR DETECTOR POINT 
LAB SORVE TOP 


X 2120.66 


Y 0 


2 1222 . 


PROTON DOSF RATE I RADS/DAY 1 


* ! 

orbital 

INCLINATION 

200 KM 

300 KM 

AOO KM 

600 KM 

600 KM 

i 

' 1 


26.5 

0.002 A 

C.0150 

0.0591 

0.3314 

1.148? 



15.0 

0.0106 

C.9A27 

0.1113 

0.4226 

1.2265 

i l 


A 5.0 

0.0161 

0.94*4 

0.11*2 

0.3603 

1.0045 



57.0 

0.0088 

0.030? 

0.0716 

0.2461 

0.7127 



90.0 

0*0064 

0.0211 

0.050? 

0.1651 

0.5506 

9 


ELECTRON 

DOSE RATE 

f RA9S/BAYI 




i 

groital 

1\'CL RATION 

20C KM 

3cr 

aoo »« 

60C rv 

°00 <M 



7^.5 

0.0000 

o.o*;?.) 

0.0001 

0.0049 

0.0251 



’5.0 

O.OOOC 

0 . * 0 0 2 

0.0017 

o.oico 

0.0351 

c 


45.0 

o.oic: 

0.A1 QO 

0.031? 

0.0746 

0.1545 



57.0 

0.0694 

C.l 157 

3.1 A 76 

0.2213 

0.3X36 

. p 


90.0 

0.0967 

0.1737 

MSU, 

0.2174 

0.2950 


COSMIC RAY DOSE RATE (lADS/’JAY) 


ORBITAL I f CL I*. AT I ON 


20.0 

35.0 
A 5.0 
57 . C 

90.0 


2 oa r.r 

300 

409 V 

000 KM 

600 KV 

0 .C 0 A 7 

0 . ' , *' K 1 


0 . 006 A 

0.0072 

0 .CC 60 

c.coas 

3 . 9 C 69 

0.0078 

0.0067 

0.0083 



0 . 01 CA 

0.0115 

C .0111 

0 .C 117 


0.0136 

0.0146 

0 * 013.0 

0 . C 1 A 5 

^ • 9 ! r * 

0 . 01 ?2 

0.0190 


TOTAL DOSF ’’ATE (KADS/O/YI 


r 

c 

ORBITAL INCLINATION 

200 KM 

u 

o 

o 

4 ;;o 

ecu r* 

800 KM 

? 

* 

70.5 

0 . 0 « 7 ? 

0 . 0 ^ 0 ? 

. 0.9029 

P.’A ?7 

1.1 *07 

* 

:s.o 

0 .C 1 C 7 


0.1201 

^.A* C? 

1.2706 

V 

4 5.0 

0 . 03 A 7 

0 . 077 ? 

0 . 154 * 

C.AA 59 

1.1705 

T 

„ * 

57.0 

f . 1 C 93 

0.1577 

0.7315 

f). AP 30 

1 .C 412 

i 

y 

90.0 

C.l 163 

0.1592 

C .2173 

O.A 199 

0.6649 
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< ; 


FOR DETECTOR POINT 2 

LAU SURVE MIDDLE X 2120.66 Y 0 2 1016. 


PROTON DOSE RATE IRADS/DAY) 


ORBITAL 

inclination 

200 KM 

300 KM 

400 KM 

600 KV 

800 KM 


28. 5 

0.0017 

0.0112 

0.0449 

0.2632 

0.9031 


35*0 

0.0074 

0.0316 

0.0855 

0.3294 

0.9584 


<*5*vl 

0.0112 

0.0353 

0.0844 

C .2901 

0.7726 


57. 

0.0061 

0.0218 

0.0531 

0.1993 

0.5476 


90.0 

0.0044 

0.0152 

0.0373 

0.1412 

0.4241 


ELECTRON 

DOSE RATE 

tRAOS/OAY) 



ORBITAL 

r\ 

r 

> 
— « 

o 

z 

200 KM 

300 KM 

400 KM 

600 KM 

800 KM 


28.6 

0.0000 

0.0000 

o.OOOO 

0.0022 

0.0114 


35.0 

0.0000 

0.0001 

0.0008 

0*0045 

0.0159 


45.0 

0.0045 

0.0085 

0.0139 

0.0333 

0.0689 


57.0 

0.0400 

0.0518 

0.0661 

0.0994 

0.1410 


VO.O 

0.0432 

0.0556 

0.068? 

0.0978 

0.1325 



COSMIC 

RAY DOSE 

RATE (RADS/DAY) 



ORBITAL 

inclination 

200 KM 

300 KM 

400 KM 

600 KV 

800 KM 


28.5 

0.0047 

0.0051 

0.0056 

0.0064 

0.0072 


35.0 

0.0060 

0.0065 

0.0069 

0.0078 

0,0087 


45.0 

0.0083 

0.0089 

0.0094 

0.0104 

0.0115 


57.0 

0.0111 

0.0117 

0.C123 

0.0136 

0.0 i4e 


90.0 

0.0136 

0*0145 

0.0154 

0.0172 

0.0190 


TOTAL 

DOSE RATE 

(■RAOS/n3Y) 




ORBITAL 

Inclination 

200 KM 

300 KM 

400 

600 KM 

800 KM 


26.5 

0.0065 

0.0164 

0*0506 

C . 27 18 

0.9218 


35.0 

0.0135 

0.0^43 

0.003? 

0.1418 

0.9831 


45.0 

0.0241 

0.0528 

0*1077 

0.3339 

0.8531 


57.0 

0.0573 

0*0055 

0.1316 

0.3023 

0.7035 


90.0 

0.0613 

0*0853 

0.1210 

0.2563 

0.5758 
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$■** fWS 


FCR BETECTOR POINT 3 
LAB SURVE BOTTOM 


X 2120.66 Y 0 2 610 


PROTON DOSE RATE (RADS/DAY) 


ORBITAL 

inclination 

200 KM 

300 KM 

400 KM 

600 KM 

800 KM 


28.5 

0*0006 

0.0046 

0.0221 

0.1441 

0.492? 


35.0 

0.0022 

0.0130 

0.0413 

0*1700 

0.5028 


45.0 

0*0035 

0.0129 

0.0358 

0.1396 

0.3864 


57.0 

0.0019 

0.0083 

0.0228 

0.0919 

0.2733 


90.0 

0.0013 

0.0057 

0.0161 

0.0683 

0.2131 


ELECTRON OOSE RATE (RAOS/OAY) 



ORDITAL 

INCLINATION 

200 KM 

300 KM 

400 KM 

600 KM 

COO. KM 


2 a. 5 

0.0000 

0.0000 

0,0000 

0.0000 

0.0003 


35.0 

0*0000 

0.0000 

0.0000 

0.0001 

9,0004 


45.0 

0*0001 

0.0003 

0.0005 

0.0013 

0.0026 


57.0 

0*0015 

0.0020 

0.0025 

0.0037 

9.0053 


90.0 

0*0016 

0.3021 

0.0025 

0.0036 

0*0049 


COSMIC 

RAY OOSE 

RATE (RAOS/OAY) 



orbital 

INCLINATION 

200 KM 

300 KM 

400 KM 

600 KM 

800 KM 


28.5 

0*0047 

0.0051 

0.0056 

0.0064 

0.0072 


35.0 

0.0060 

0.0065 

0.0069 

0.0078 

0.0087 


45.0 

0.0083 

0.0069 

0.0094 

0.0104 

0.0115 


57.0 

0.0111 

0.0117 

0.0123 

0.0136 

0.0148 


90.0 

0.0136 

0.0145 

0.0154 

0.0172 

0.0190 


TOTAL 

DOSE RATE 

(RADS/DAYJ 




ORBITAL 

INCLINATION 

200 KM 

300 KM 

400 KM 

600 KM 

600 KM 


28.5 

0.0054 

0.0098 

0.0277 

0.1506 

0.4898 


35.0 

0.0083 

0.0195 

0*04.43 

0. 1780 

0.5120 


45.0 

0*0121 

(1.0222 

0.0458 

0.1516 

o.«oop 


57.0 

0.0146 

P.0221 

Q.P378 

p. 1093 

q.2933 


YQ.O 

OfB m 

0.0223 



fi?37a 
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FOR DETECTOR POINT V 

LAB SURVE FORWARD X 1910.63 Y 0 2 1016* 


PROTON DOSE RATE (RADS/RAY) 


ORBITAL 

INCLINATION 

200 KM 

300 KM 

'♦00 KM 

600 

800 KM 


28.5 

0.0011 

0.0076 

0.0338 

0.2071 

0.6944 


35.0 

C . 0042 

0.^217 

0.063P 

0.2512 

0.7304 


A 5.0 

0.0066 

0.0227 

0 . 058 6 

0.2130 

0.5735 


57.0 

0.0036 

0.0144 

0.0370 

0 . 13*. v 

0.4054 


90.0 

0.0026 

0.0099 

0.0261 

0 • 1037 

0.3153 


ELECTRON 

DOSE RATE 

(RAOS/OAY) 




ORBITAL 

INCLINATION 

200 KM 

300 KM 

600 ry 

600 K v 

300 KM 


28.5 

0.0000 

0.0000 

o.Oouo 

u • oo oh 

U • 0043 


35.0 

0.0000 

0.0000 

0.0003 

0.0017 

0. 0060 


45.0 

0.0017 

0.0032 

0.0052 

0.0126 

0.0262 


57.0 

0.0131 

0.0196 

0.0250 

0.0376 

0.0533 


90.0 

0.0163 

0.0210 

0.0257 

0.0369 

0.^501 



COSMIC 

RAY DOSE 

RATE < RADS/DAY 1 



ORB I TAL 

INCLINATION 

200 

300 KM 

400 KM 

600 KV 

800 KM 


28.5 

0.0047 

0.0051 

0.0056 

0.0364 

0.0072 


35.0 

0.0060 

0.0065 

0.0069 

0.0078 

0. 0087 


45.0 

0.0083 

0."039 

0.0094 

0.0104 

0.0115 


57.0 

0.0111 

0.0117 

0.0123 

0.0136 

0.0148 


90.0 

0.0136 

0.0145 

0.0154 

0.0172 

0.0190 


TOTAL 

DOSE RATE 

IRADS/DAY) 




ORBITAL 

INCLINATION 

200 KM 

300 KM 

400 Kf 

A 00 K'-' 

800 KM 


4 . J • 5 

0.0059 

0.0128 

0. 0395 

0.2143 

0.7059 


35.0 

0.0103 

0.0283 

0.0711 

0.260S 

0.7452 


4 5.0 

0.0167 

0.0346 

0.0733 

0.2362 

0.6112 


57.0 

0.0299 

0.0458 

0.0745 

0.1905 

0.4736 


90.0 

0.0326 

0.0454 

0.0673 

0.1590 

0.3H45 
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FOR DETECTOR POINT 5 


LAB SURVE AFT 


X 2330.70 

i Y 0 



PROTON DOSE RATE 

(RADS/DAY) 



ORBITAL 

INCLINATION 

200 KM 

300 K M 

'.nn K** 

600 KM 


28.5 

0.0012 

0.00*3 

0.036? 

0.2196 


35.0 

0.0048 

0.0236 

0,0684 

0.2674 


45,0 

0,0074 

0.0250 

0.0637 

0.2209 


57.0 

0.0040 

0.0158 

0.040? 

0.1496 


90.0 

0,0029 

0.010H 

0.0283 

0.1114 


ELECTRON 

DOSE RAT 

E (RADS/DAY) 



ORBITAL 

INCLINATION 

200 KM 

300 KM 

400 KM 

600 KM 


28.5 

0.0000 

0.0000 

0 . OC GO 

O.OC11 


35.0 

0.0000 

0.0000 

0 . 0 0 4 

0.CC23 


46.0 

0.0023 

0.0044 

0.007? 

0.0173 


57.0 

0.0207 

0.026P 

0.0341 

0.0513 


90. 0 

0.0223 

0.03«6 

0.0351 

0.0504 


COSMIC 

RAY oosr 

RATE (RADS/DAYJ 


ORBITAL INCLINATION 

200 KV 

300 <y 

404 K ,( 

600 KM 

28.5 

0.0047 

C.C051 

0.405 6 

0.0064 

35.0 

0.0060 

0.0065 

0 • 0 r 6 9 

0.0078 

45*0 

0.0083 

O.^OPV 

0.0744 

0.0104 

57.0 

0.0111 

0.0117 

'•.•'123 

0.C126 

90. 0 

0.0136 

C.C145 

0.0154 

0.0172 


TOTAL 

DOSE RATE 

(RADS/DAY) 



ORBITAL INCLINATION 

200 KV 

300 

400 K '* 

6CO 

28.5 

0 . C 760 

0.0135 

0.0418 

0.2272 

35.0 

0.0109 

r.o3o.? 

4.7758 

0.2781 

45.0 

0.0182 

*•0383 

0.0803 

0.2^66 

57.0 

0,0359 

0.0544 

0.0868 

0.2145 

9Q.0 

0.0388 

0.0541 

0.0789 

0.1792 


1016. 


000 KM 

0.7391 

0.7788 

0.6146 

C.4147 

0.3378 


8C0 KM 

0.0058 
C.C082 
0.0357 
0.07J7 
0. C6R6 


*00 KM 

0.0072 

0.0087 

0.0115 

0 . 01 * 8 . 

0.0190 


<iOC KM 

0.752? 

0.7959 

0.6619 

0.5223 

0*4253 
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FOR DETECTOR POINT 6 


LAB SURVE SIDE 


X 2120. 

66 Y 206 

. 2 

1016. 

t 

PROTON 

DOSE RATE 

( RAOS/DAY) 




f 

ORBITAL INCLINATION 

200 KM 

300 KM 

400 KM 

600 KM 

p.co KM 


20* 5 

0*0006 

0.0045 

0.0233 

0.1536 

0.5051 

; 

3b. 0 

0*0019 

0.0130 

0.0436 

0.1793 

0.5260 


43.0 

0*0031 

0.0123 

0.0363 

0.1451 

0*6002 


57*0 

0*0017 

0.0081 

0.0237 

0.0954 

0*2823 

i 

90.0 

0*0012 

0*0054 

0.0163 

0.070B 

0.2205 




electron dose rate i pads/day > 




ORBITAL 

INCLINATION 

200 KM 

300 KM 

400 K v 

600 KM 

900 KM 



26*5 

0.0000 

c.oooo 

0.0000 

.0.0000 

0.0000 



35*0 

0.0000 

0.0000 

o.ocoo 

0.0000 

0.0000 

t 


45.0 

0.0000 

0.0000 

o.cooo 

0.0001 

0.0002 

i 


37.0 

0.0001 

0.0002 

0.0002 

0.0004 

0.0005 

1 


90.0 

0.0001 

Of 0002 

0.0002 

0.0004 

0.0005 

, 


COSMIC 

ray nose 

RATE (RAOS/DAY) 




ORBITAL 

INCLINATION 

200 KM 

300 KM . 

400 KM 

600 K" 

900 Kf' 



28.3 

0.0047 

0.0051 

0.0056 

U.0J64 

C. 0077 

r 


35.0 

0.0060 

0.0065 

0.0069 

0.007P 

0.0037 



4 3.0 

0.0083 

0.0089 

0.0094 

0.0104 

0.0115 

1 


37.0 

0.0111 

0.0117 

0.0123 

0.0136 

0.0148 



90*0 

C .01 3b 

0*0145 

0.0134 

0.0172 

0.0190 



TOTAL 

DOSE RATE 

(S4DS/0AYI 




? 

ORBITAL 

INCLINATION 

200 Kf' 

300 kk 

400 KM 

*00 KM 

800 KM 

t 


0.095'* ''.'•''97 , '."?R9 0.1601 0.5123 

0.0080 0.0195 0.0506 0.1372 0.5346 

0.0115 0.0213 0.0469 0.1557 0.4170 i 

0.0)30 0.0201 0.0359 0.1094 0.2977 -- 

0.0150 0.0202 0.0321 0,0885 0.2901 

* 


29.5 

35.0 

45.0 
57 . 9 
90, Q 



I 




FOR DETECTOR POINT 


1 

¥ 

RACK FORWARD TOP 


X 1986. 

93 Y 107 

. 2 

1178. 

% 

* 


PROTON 

DOSE RATE 

IRADS/DAY) 




l 

ORBITAL 

i^cn nation 

200 Kfc 

300 KM 

400 KM 

600 KV 

800 KM 

* 


28.3 

0.0023 

0.0144 

0.0366 

0.3228 

1.1074 



35*0 

0.0098 

0.0410 

0.1090 

0.4083 

1.1787 



45 • 0 

0.0147 

0.0461 

0.1095 

0.3635 

0.9575 


37.0 

0.0080 

0.0284 

0.0679 

0.2366 

0.6785 



90.0 

0.0058 

o.oiqr 

0.0477 

0.1767 

0.5251 



ELECTRON DOSE RATE IRADS/DAY) 



i 

ORBITAL 

INCLINATION 

200 KM 

300 KM 

400 K Y 

600 KM 

800 KM 



29.5 

0.0000 

0.0000 

0.000] 

0.0030 

0.0156 



35.0 

0.0000 

0.0002 

0.0010 

C . 006? 

0,0218 



45.0 

0.0063 

0.0119 

0.0195 

0.04 ah 

0.0965 



57.0 

0.0539 

0.0723 

0.092? 

0.1383 

0.1960 



9C.0 

0.0601 

0.0773 

0.3947 

0.3358 

0.1842 



COSMIC 

RAY DOSE 

RATE (RAOS/OAY) 



t 

ORBITAL 

1 K'CL I < M AT 1 O'. 

200 KV 

300 <M 

4 07 K M 

600 K*< 

POO K*' 



;ce.5 

0*0047 

0.0C51 

0.0C56 

0.0064 

C.0072 



3*> * J 

0*0060 

0.0065 

0.0069 

0.0079 

0.0087 



45. C 

0.0093 

0.^099 

0.0094 

0.0104 

0.0115 



57.0 

0.0111 

:'.^17 

0.0123 

0.0136 

0.0148 



90.0 

0.0136 

0.0145 

0.0154 

0.017? 

0.0190 



TOTAL OOSF PAT C 

(r>ADS/H4Y) 





ORBITAL 

INCLINATION 

200 K v 

300 KV 

400 KM 

600 KV 

800 KM 

( 


26.5 

0.0^71 


0.O62Z, 

0.33?? 

1.1302 



35.0 

O.njso 

0.0477 

0.1161 

0 # 4 ? ? 4 

I .2093 



4 5 • v 

0.0295 

0*0^70 

0.1374 

0.4207 

1.0656 

.T 

i 


57.0 

0*0752 

0.1126 

0.1726 

0.3fl85 

0.2H93 


9 ’ ) • 0 

0.0796 

0.1116 

0.1380 

0.3?98 

0.7285 
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FOR DETECTOR POINT 8 
RACK FORWARD UPPER MIDDLE 


X 1986.98 


y m 


z mo 


PROTOM DOSE RATE C PADS/DAY > 


ORBITAL 

INCLINATION 

200 V* 

300 KM 

600 km 

600 KM 

900 KM 


28.5 

0.C019 

0.0120 

0.0691 

0.2838 

0.9603 


35*0 

0.0076 

0.036? 

0.0930 

0.3532 

1 .0163 


45*0 

0.011* 

o.o/, u 

0.0*99 

0.3079 

0.9135 


57.0 

0.0062 

0.0231 

0.0566 

0.2006 

0.5755 


90.0 

0.0045 

0.0160 

0.0397 

0.1*97 

0.4465 


ELECTRON DOSE RATE IRAOS/CAYI 



OR01TAL 

INCLINATION 

200 KM 

300 KM 

400 KM 

600 KM 

800 KM 


28.5 

O.OOCO 

0.0300 

c.ocoo 

0.0007 

0.0036 


35.0 

0.0000 

o.coca 

o.oco? 

0.0016 

0.0050 


45*0 

0.0018 

0.0035 

0.0056 

0.0133 

0.0272 


57.0 

0.0159 

0.0206 

0.0259 

0.0386 

0.054’ 


90.0 

0.0168 

0.0215 

0.0263 

<■'.0376 

0.C509 


COSMIC 

RAY DOSE 

RATE I RADS/DAY) 



ORBITAL 

INCLINATION 

200 K* 

300 KM 

600 K‘» 

600 KM 

800 KM 


?8.5 

0.0047 

0.0051 

0,0056 

0.0066 

0.0072 


35.0 

0.0060 

0.0065 

0.0069 

0.0078 

0.0087 


45.0 

0.0083 

0.00*9 

0.0096 

0.0106 

0.0115 


57.0 

0.0111 

0. M17 

0.012? 

0.0136 

0.0148 


90.0 

0.0136 

0.0165 

0.0156 

0.0172 

0*0190 


TOTAL 

OOSE RATE 

(RAOS/DAYI 




ORBITAL 

INCLINATION 

200 KN 

300 KM 

690 <f *' 

690 KM 

800 KM 


23.5 

0.0066 

0.0172 

0.0567 

0.2510 

0.971? 


25.0 

0.0237 

0.06"fl 

r . 199? 

0.3626 

1.0301 


45.0 

0.0217 

0.0535 

0.1050 

0.3317 

0.8522 


57.0 

0.0334 

0.0553 

0,0967 

0.2525 

0.6446 


90.0 

0.Q350 

Or 0521 

0.0815 

Q.2066 

0.5)65 
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POR DETECTOR POINT » 


RACK FORWARD LOWER MIDDLE 


X 1946. 

95 Y 145 

• 2 

993. 

PROTON 

DOSE RATE 

(RAOS/DAY) 



• 

ORBITAL INCLINATION 

200 KM 

309 KM 

AO' 1 ' K'‘ 

600 KM 

S00 KM 

28.5 

0.0010 

0.0379 

0,9316 

0.1954 

0.6516 

35.0 

0.0037 

0.C198 

0.0594 

0.2349 

0.6834 

45.0 

0.0057 

0.0707 

0.0534 

0.1971 

0.5325 

57.0 

0.0031 

0.0129 

0.0334 

0.1269 

0.3762 

90*0 

0.0022 

0.0094 

0.0236 

0.0960 

0.2929 


ELECTRON DOSE RATE (RADS/DAY) 


ORBITAL INCLINATION 209 KM 

28.5 0.0000 

35.0 0.0009 

A 5.0 0*0003 

57.0 0.0031 

90.0 0.0032 


O 

o 

(•1 

400 K" 

60C K*' 

400 KM 

0.0000 

0.0000 

C.0001 

0.0906 

C.00JC 

0.C000 

0.000? 

0.0006 

0.0070 

0.C011 

0.0026 

0,0053 

0.0060 

0,9050 

0,0073 

0.0105 

0.006? 

0.0051 

0.0073 

0.0098 


COSMIC RAY DOSE RATE (RACS/OAY) 


ORBITAL INCLINATION 

200 KM 

390 KM 

400 »*’ 

r.oo ** 

BOO KM 

28.5 

0.0047 

0.0051 

0,0056 

0.0066 

0.007? 

35.0 

0.0060 

0.0065 

0.0069 

n.oo7i 

0.0087 

63.0 

0.0083 

0.9089 

0,5094 

0.0104 

0.0115 

57.0 

0.0111 

0.0117 

0.5123 

0.0136 

0.014P 

90.0 

0.0136 

0.0145 

0.0164 

0.017? 

0.0190 



TOTAL 

DOSF RATE 

(RAOS/OAV) 




4 

OROITAL INCLINATION 

200 K" 

300 KM 

400 KV 

600 KM 

BOO KM 

; 

?b.5 

0.0058 

0.0122 

0**37? 

0.2019 

0.6595 

* 

13.0 

0.0093 

0.0?63 

0.0665 

9.2431 

0.^930 

i 

45.0 

0.0143 

0.0146 

*.0639 

0.2 J 02 

0.5493 


57.0 

0.0173 

0*02°7 

0.0511 

0.1500 

0.4017 

i 

9Q.0 

0.0192 

0.0?76 

0.0444 

0.1706 

0.1219 



/ 
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FOt? DCTECTO* POINT 10 

RACK FOTWAPO HOT TO 1 ’ 


X r P6.V5 

Y 1*9. 


909. 

PROTON 

CRUJTAL 1 1 XL I "AT 10’; 

cose rate 
200 

(RAOS/DATI 

300 nv 

«.jO K" 

60C »cv 

wrkA '»• 


0.0006 

n.nrm 

0.02?3 

0 • 1 * ** 3 

IP 

3t>. •' 

0.0019 

0.012/1 

0.0*17 

0.1731 

■•'.fill 

'«5.c 

0.0010 

0.0U9 

0.03*9 

0.1*0* 

0.»’93 

0 7. 

'j.0017 

0.CC7S 

0.0223 

r. :*;* 

C. 27'*R 

0 • 

0.CC11 

0.0053 

0.0157 

O.C',?5 

C.i 



CLfCTRON OCSE RATE (’’AD'/PAY) 




ORBITAL i’CLl'ATr* 

200 K" 300 ■{" 

^ ^ V * • 

f ^ 

«OC Y" 

2^.i> 

0 • 0 0 V J v. 

* -k k 

« •• * 

A ' . . • A 

- ■ >. w 

•j.or.M 

^5 . - 

0.02 or* o.v.v''c 

* * •». A 

* • 

^.r^oo 

0 .0002 

1 . ) 

o.coci o.^coi 

" o? 


0.0*13 

57.0 

O.COO** ^.Cf’10 

•J. ' 1? 


0.0027 

** 2 * J 

O.OOOP 

"1? 

1 . • :v 

• 1 1 . 



COSMIC f'AY DO Si. 

0 A T E ( * A 1 c , / ? 

»Y) 



JUUITAL i::CLl ATI' 

*• ?rc 

30* 

it** *v 

, * A v » • 

*00 v . 

2° •!> 

0.00*7 

:J.0 P .51 

0 • ? ' 5 A 


0.007? 

?&•'? 

0.0160 


O.I’YtO 

A ^ A . 

* . k 

0 • 0 0 ° 7 

A b . V 

o.orM 

-*> # ^ 3 r; 



0.0115 

5 ? . J 

0.0111 

c.*n • 

V? ! ? 3 

".Cl *' 

c , 0 V- f 

’/ J • J 

O.'Jl V> 

» . '• 1 * *•* 

-.01. 

O.Ct*\? 

o . r. i q r 



T 'iT AL ’VIS* r A T T* 

{ ft* 1 ' ^ / *' * V ' 




w'vf’ 1 T AL I: fL I :AT I ' v 

2v0 <* ‘ 

? ' •' 

, *% - • ' 

■'.0? ' * 

boo </’ 


i.r #< 

• % . ' * n (, 

* * • ?7 ^ 

V 1 ./** 

0 . /. 9 J /. 

’ 

c • r ' 

0 . ' 1 . ? 

f ^ ’ ■» 

C. % 1 1 

c -» 

4 r \ 

# 

1 . * 1 1 5 


", 0*'* 

M‘l p . 

" . A * ' r 

-7. 

O.fiiv 


f 6i 

n. 11> l '> 

n "> ■*. 

w . J 

0.01S7 

0. V '9 

C.f‘32 5 

O.OP 77 
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EEPRODUdBUlTY OF Ttt 

ORMCNAL PAG* IS POOP 


FOR OET ECTOR 

POINT n 




MIDDLE RACK 

TOP 

X 2120*66 

Y 107, 

1 11?*. 


PROTO*! DOSE RATE (.1 AOS /DAY! 


ORBITAL iNCLl 'lATlQ** 

200 f 

5C3 

400 iff 

eco »:•* 

: **; v/4 

25. 6 

O.rrj:- 


0.9629 

0.35c* 

1.7-1? 

25.9 

5.11X9 

*‘•"46 6 

9.1190 

0.4595 

1.2^65 

**$.2 

5.5179 

^.^5a2 

9.1237 

0.4591 

1.97*6 

57. 9 

0.009? 


C . 9774 

n.?f59 

0.7^3* 

90. C 

0.0571 

0.9231 

^.9544 

'*.X9SS 

9.5956 


ELECTRON 

rosr °at*t 

C^A^S/r'AY) 




ORBITAL nCLIflATlON 

290 *y 

309 <*! 

4 in r M 

6or 

*9n <m 

28.5 

O.CCC sj 

A •* !». - 

* • •• » L v 

» • jC 1 

O.C-; r ,? 

C.027A 

35.0 

0 . O0v*O 

0 . V l* w 2 

.. 15 

C.w'2 oc 

0.C3A3 

45.0 

0.0110 

C. : '2*?7 

v’ .7341 

).C J * 1 7 

C.1C87 

57* j 

0.0976 

9.1?f ? 

%16!'> 

9.7414 

^.?421 

90.0 

0.1949 

3.1 3 r - 

"'.l 6*4 

0.2372 

0.3?1P 


COS* 4 1 c 

•JAY D^SE 

RATf t^S/OAY) 



ORBITAL riCLIi-ATIc:: 

200 K" 

?0~ S'. v 

490 K M 

6 00 K' 4 

5 30 <*^ 

28.5 

C.C?'i7 

r.r* m 

0.3956 

•9 • 0064 

0.S070 

35.0 

C.OOS: 1 

r.*' as 

0.3969 

0.0078 

C.OC~? 

45.0 

O.Cf-P? 

3.r 

Q.C094 

9.0194 

9.0115 

57.0 

0*011! 

•‘'.''117 

0.912 4 * 

9.0136 

9.9146 

90.0 

0.C1J* 

''.'lO 

^.0154 

0.0172 

0.9190 


TOTAL 

DOSE RATf 

( >5?>c /«n k y ) 




ORBITAL I.'iCLl V AT 100 

200 K'* 

309 **' 

/.in r,v< 

6^5 ^ f # 

fi or K'- 

2*.5 

0. v?7* 

^•C71 A 


• . i. * 

2.-*: 5 

35.0 

9.11; ^ 

?. A j 1 i 

0.1279 

A . . * J .* 

:.w 

4 5 . C 

:.i-'4 

*•• . 9 ** i ^ 

0.1S7? 

9.539? 

: .755* 

57.3 

9.1165 

9.1712 

0.2509 

9.5710 

1.1295 

99.0 

9.1257 

9.1776 

0.2351 

0.4529 

0.9305 


I 

! 

I 


1 
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FOR DETECTOR CH5IHT 12 

SACK MtDOU 


X 2120.66 Y 104* 2 11§0* 


PHOTON 

DUE RATE 

- C " . > V 

tPAW/OAVt 


■'it 

- i* 

encITAL rsCLirATXOM 

200 

s©fi ; *y 

w r.v 

4«ft **• 

000 KM 

?8.5 

0#CWI 

0.0145 

0.05*4 

0.«4§ 

1.0024 

75.5 

0.0099 

> 0.0404 

0®Wt4 

0»*9«? 

1.1900 

45.0 

0.0146 

0.«4fi 

o,iw 

0.4945 

Oil 9944 

57.0 

o.oooo 

0*1*279 

O.0663 

0.I9W 

*».ft 625 


o.cooa 

0.0194 

0.0*66 

C.172J 

0.5127 


i 


;■ » LUXT&OK DOSE RATE tHADS/OAtr 

* j 


V.- 

OKCtTAL l-XUNATiy 

200 K* 

300 KM 

400 RV 

#>00 K.V 

800 K* 

5 

^ .' * * 

c.caoo 

r.o?oo 

A. 

0.C914 

0.0072 

Jk 


C*33^ 

P.0<'*jp 

O.T'O* 

o.oosb 

0.0099 

*■ 

*5.$- 

0.0036 


' O.r!09 


0.0531 


*7*? 

0.0311 

r *P3 B 9 

O.PV't 

0.0751 

0.1059 

4. 

r:*o 

0.0329 

r.' , v2i 


0.073* 

0.0995 


> Jj£< . 


v* 


cosmic Ray "jose j^ate t*Arr»/:vr? 


OK'JIfAL 

r*CLr*ATin 

- 2 Cr> n* 

30* 


400 X” 

900 K* 


2t».5 

0.0047 

0*0751 

fc*CO*>A 

0.0064 

0.007? 


36. 0 

0.0060 

C.00A5 

0.0060 

0.007** 

0.00B7 


45.0 

0.00*3 


0.00*4 

0*0104 

0.01J5 


67.w 

O.CIIX 

L. U17 


'•C13C 

0.014S 


VJ.- 

O.J136 

: .;i45 

u.0164 

<3.0172 

9.01&C 


TOTAL 

D0*£ !?ATE 

IOAH5/0AVJ 




orgitau 

: .clt ATicr; 

200 <•: 

20" jc-* 

400 *v 

fon <v 

900 * v 


:?*5 

0.0071 

r.Ai«6 

*61 4 

o*3??-» 

l.OOf B* 


35.0 

0.0160 

f * * ^ & 7 0 

0.1129 

2.4*:®* 

1 .l#-95 


45.0 

0.0267 


rui?o? 

%190 y 

0.9992 


57.0 

0.0602 

0,0706 

0.1294 

0*3193 

0.7B33 


90,0 

0.0523 

0.0761 

C.IP5 

0*?'; 30 

0.6317 
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FOR DETECTOR POINT 13 

r.lDOLt <ACK LOVER «It>»LS X ?1?C.AA v 2 993. 




PROTO'! DOSE (TATT 

(’AOS/OAYI 




ORBITAL 

i :ar ATio*! 

200 •"• 

2CC K‘I 

6 00 

6C7 *•* 

2 .V) *** 


23.5 

3»::011 

r.c '77 

0.326V 

0.2-75 

0 . •' * c * 


35 #0 

e»J3Vk 

n.022" 

0.3661 

C.2517 

6.7215 


65.3 

O.OOf.T 

0.022- 

3. *559 

0.2133 

0.5760 


57.3 

A.''*'** 

**.* 145 

%*77? 

C.1^06 

0.-05R 


vo.c 

” • r ' n 2 8 


0.026? 

9.10^ 

0.3156 



ELECTRO!! L'OSC PATE I»V'S/!\A*’) 




ORBITAL 

i^aiMATior 

200 K* 

3C9 ** 

6*3 K * * 

*.#t- 

3 00 v»* 


2*.6 

0.0000 

0.0300 

0*^003 

9.0*0? 

0.0010 


•*6.0 

0.0003 

O.OOrT 

9.* *03 


0.0013 


45.9 

0*0006 

0.3011 

0.0017 

O.CO/.l 

0.0083 


S7.L 

0.0049 

0.0063 

9. 30P0 

O.Cl 1* 

0.0166 



0.3051 

C.0366 

4 . 09»9 

r .01 15 

O.OJ55 


COS'lC 

RAY onse 

RATE C^S/PAY) 



ORBITAL INCLIi'iATIO'! 

2CC r- 

209 KN 

409 <*■ 

'70 p/* 

<■* « * v 

?0. 5 

0.0347 

0.3351 


,.C0t4 

3. ^ C 72 

35.0 

0. ’V06*j 

0 .0 J66 

k. • CC !> 9 

0.03?* 

c.oce7 

A5.0 

0.*<0P3 

0.9V«TO 

9.*0C4 

0.^104 

0. 15 

57.0 

0.0111 

^.9117 

o.ru**-» 

".013! 

3.3 *«P 

90.0 

0.0136 

0.0165 

0.0154 

".017? 

3.3299 


TOT At 

DOS? f>ATt: 

C RAO 5/0 AY ) 




OROITAL INCLINATION 

200 K v 

303 y :* 

690 ■'V 

/ A A ■# « • 

*39 KV 

2R.5 

C . 0059 

*'12° 

n . * 7 f * 

0.2 16? 


35.0 

0.0105 

0.0256 

9.9?! *» 

".3' 2C 

9.741** 

45.0 

0.0157 

0.0125 

0 • 3700 

*.?2Y9 

?. K 9*»9 

57.0 

0.0198 

0.C326 

0.0576 

0.164P 

0.6773 

90.0 

0.0214 

0.0311 

0.0497 

0.1327 

0.3503 


FOR OCTECTOR POINT 14 

MIDDLE RACK BOTTOM X 2120*66 Y 1*6. Z 


PROTON DOSE RATE I RADS/DAY) 


ORBITAL 

INCLINATION 

200 KM 

300 K'-' 

409 KV 

600 KM 


286* 

0.0006 

0.034R 

0.0240 

0.1571 


35.0 

0.0021 

0.0137 

0.0450 

0*1643 


'.5.0 

0*0034 

0.0132 

0.03(10 

9.1502 


57. 0 

0.0019 

0.Q0S6 

0.0243 

0.0917 


90.0 

0.0013 

o.oose 

0.0171 

0.0733 


ELECTRON DOSE RATE IRAOS/OAY) 


ORBITAL 

1 MCL I NAT 1 CM 

200 KM 

300 KM 

400 KM 

600 KM 


28.5 

0.0000 

0.0039 

0.0000 

0.0000 


35.0 

0.0000 

0.3393 

o.cooo 

0. 00 JO 


45.0 

o.pooo 

0.0301 

0.0002 

9.0005 


57.0 

0.0007 

0.00C9 

0.0011 

O.uOl? 


90.0 

0.0007 

0.3909 

O.Cull 

J.0016 


COSMIC 

RAY DOSE 

RATE ( RADS/DAY 1 


ORBITAL 

INCLINATION 

200 ICV 

300 KM 

400 KV 

600 KV 


28.5 

0.0047 

0.0051 

0.0056 

0.0064 


35*0 

0*0060 

0.0065 

0.C069 

0.0076 


45.0 

0.0083 

0.C089 

9.0094 

0.0104 


57.0 

0*0111 

0.OU7 

0.0123 

0.0136 


90.0 

0*0136 

0.0145 

0.0154 

0.0172 


TOTAL 

OOSE RATE 

(RAD&/DAY) 



orbital 

INCLINATION 

900 ICM 

300 K M 

40ft KM 

600 KV 


78.5 

0*0054 

0.0102 

0.0256 

9.1*35 


35.0 

0*0062 

0.020? 

0.9520 

0.192? 


*5.0 

0*0119 

0*0223 

0.0477 

^•1613 


57.0 

0.0136 

0.0213 

0.0378 

O.U^O 


90.0 

0*0157 

0.0214 

0.0337 

0.0972 


90S. 


POO KV 

0.M97 

0.5416 

0.6139 

0*2923 

0.2221 


•00 KM 

0.0001 

0*0002 

0.0012 

0.0024 

0.0022 


flOO KM 

0.0072 

0.0067 

0.C11S 

0.3163 

0.C190 


BOO KM 

0.0271 

0.0006 

0.426b 

0.3095 

0.2494 


1 
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DOSE RATE VS DEPTH AT ORBITAL INCLINATION 28.5 DEGREES AND ALTITUDE 
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